SUMMARY The expression of sinus arrhythmia depends on separation of the systemic and pulmonary venous return to the heart as well as on normal autonomic control mechanisms. Patients with atrial septal defect provide a naturally occurring experiment of communication between the two venous systems. In adults with atrial septal defect sinus arrhythmia is minimal or absent. But children with atrial septal defect retain appreciable sinus arrhythmia, although this is not recognised in published reports. To understand why this is so, continuous electrocardiograms were recorded before and after operation in 10 children (aged 4-16 years, mean 6-3) with atrial septal defects and in 10 normal children (aged 5-7 years, mean 61). Mean RR intervals were calculated for periods of one minute, and the standard deviation was used as an index of heart rate variability (that is sinus arrhythmia). Frequency analysis (spectral analysis) was also performed on a continuous beat to beat record ofheart rate to describe the frequency components that may reflect autonomic activity. The results confirmed the presence of considerable sinus arrhythmia in children with unoperated atrial septal defect. None the less, the standard deviation of RR intervals in the children with unoperated atrial septal defect was significantly less than that for the normal children, and variation increased after closure of the defect. Power spectral analysis of instantaneous heart rate indicated that the high frequency (0-15.-045 Hz) vagally mediated component of variability was lower for patients than for controls which may indicate abnormalities of autonomic control ofheart rate in these children. The comparative retention of sinus arrhythmia in children with atrial septal defect may relate to the small size of the right atrium or differences in myocardial compliance compared with adults.
Respiratory sinus arrhythmia is a normal feature of healthy individuals. Its presence depends on normal autonomic control of the heart and normal cardiac anatomy. Atrial septal defect is said to be characterised by decreased sinus arrhythmia or heart rate variability in adults' but this has not been proved in children. Our clinical observations (fig 1) did not suggest that a decrease in the variability of heart rate is characteristic of children with atrial septal defect.
This study was designed to compare heart rate variability in children with atrial septal defect before
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Accepted for publication 8 November 1988 and after operation, and to compare their variability with that of normal children. We also used frequency analysis (power spectral analysis) of the heart rate of these children to describe the frequency components in their heart rate variability that reflect autonomic activity and to examine the possible effects of closure of the atrial septal defect on autonomic regulation of the heart rate.
Patients and methods
We studied 20 children: 10 normal children aged five to seven (mean 6 brief initial period of familiarisation ensured that all the children were at ease with the apparatus. Children were asked to remain quiet but awake during the recordings, which lasted 10-15 minutes in total and were performed with the child standing and supine. We used both positions to evaluate two levels of autonomic tone: standing, high sympathetic and low parasympathetic; supine, low sympathetic and high parasympathetic tone.
We stored heart rate data for a one minute period for each position on a computer disc for subsequent analogue-digital conversion (rate 250 Hz) and processing. For computerised detection of the R wave we used the procedures of Wolf et al 'followed by human editing and data correction as described previously.' The mean RR interval and standard deviation were computed for each posture for each patient.
In a separate analysis, a three to four minute segment of continuous stationary heart rate data for each position was processed by spectral analyser (Nicolet No 660A) according to previously published technique. 2 We selected a segment from the paper recording that was free of sudden changes in the respiratory activity such as sighs or movement 282 artefact. The power associated with the low frequency and high frequency peaks was determined as the square root of the area under each peak within 0-025 Hz of the low frequency peak and within 0 050 Hz ofthe high frequency peak (fig 2). Area ratios L:H were calculated. Because the data were not normally distributed they were logarithmically transformed before being compared by two tailed t tests.
The research protocol was approved by the hospital ethics committee and informed consent was obtained from the children's parents.
Results

ANALYSIS OF THE RR INTERVAL
In both the supine and standing positions the mean RR intervals before operation and after operation in those with an atrial septal defect and in the controls were not statistically different (table 1) . There was, however, a tendency for the RR interval to increase (decreased heart rate) after operation in the group with an atrial septal defect.
Heart rate variability in the supine position, as measured by the standard deviation of the RR interval, was significantly less before operation in those with atrial septal defects than in the controls (28-4 v 72-4 ms, p < 001), with very little overlap between the groups (fig 3) . Also, the heart rate variability significantly increased after closure of the atrial septal defect (28-4 v 48-7 ms, p < 001). Although the results after operation overlapped with those of both the preoperative and control groups, the standard deviation ofRR intervals increased after surgical repair in all but the oldest patient. The standard deviation after operation was not significantly different from that of the control group. In the upright position the standard deviation of the RR intervals was also significantly lower before operation in those with an atrial septal defect than in controls (31-4 v 47-2 ms, p < 0 05), but it was not changed after surgical repair. There was no difference in respiratory rate between the three groups in either position.
SPECTRAL ANALYSIS OF BEAT-TO-BEAT HEART RATE
Heart rate variability was also assessed by spectral analysis. In both supine and upright positions there was considerable variation in the amplitude values (table 2, fig 4) . In the supine position, those with atrial septal defects showed an increase of low frequency amplitude and of L:H after operation. These changes were not statistically significant, however. There was a decrease in high frequency amplitude which also did not reach significance. Control In the upright position, there was a wider scatter of values with no consistent response with operation.
Discussion
This study confirms that although there is considerable variability in heart rate in children with atrial septal defect, it is less than that in normal children and that it increases after closure of the defect. Heart rate variability is known to be greater in young children than in adults"6; this makes it more difficult to identify children with atrial septal defect. The substantial increase in heart rate variability in children with atrial septal defect compared with adults may be related to the smaller right atrium of children or to differences in ventricular compliance between adults and children.6
The fact that heart rate variability (measured by standard deviation of RR intervals) tends to become 284 Finley, Nugent, Hellenbrand, Craig, Gillis normal after closure of the atrial septal defect suggests that it is dependent on the anatomical change within the heart. The two most important mechanisms producing sinus arrhythmia in normal persons are right atrial stretch with the inspiratory increase in systemic venous return and inspiratory inhibition of the carotid sinus reflex, both of which produce relative tachycardia.7 An atrial septal defect dampens the respiratory fluctuations of right atrial volume because there is communication between right and left atria8": further, with the larger right atrium of atrial septal defect, the inspiratory increase of right atrial volume is proportionately less than that occurring with a normal right atrium. This would contribute to diminished variability of the heart rate.
We used spectral analysis to study heart rate variability in these patients because of its potential to identify autonomic abnormalities of heart rate control that could also be responsible for decreased heart rate variability. Heart rate variability in people of all ages has two main frequencies of variation: a high frequency band, 0 15-0 45 Hz (3 second period) and low frequency band, 0-03-0 15 Hz (12 second period).6"' The prominence of these two frequency bands in heart rate variability can be expressed by amplitude in the power spectrum. In general, the high frequency band corresponds to the respiratory frequency and is vagally mediated.'01 The low frequency peak seems to be mediated by both the sympathetic and parasympathetic systems.'""' A change in peak amplitude may be caused by changes in coupling between respiration and the heart or changes in autonomic control.
When the children were supine, both low and high frequency amplitudes were smaller in patients with atrial septal defect, both before and after operation, than in the controls, but there were no significant changes in amplitude with operation. Before operation RR interval standard deviations were low in accord with the lower preoperative spectral amplitudes in this group. Variability in the RR interval as seen in the standard deviations after operation was normal in contrast with the persistently low spectral amplitudes after operation. The low postoperative spectral amplitude may indicate residual autonomic abnormalities which later postoperative studies might clarify. In the present study, the considerable scatter of amplitude values within each of our groups permits only tentative conclusions.
Atrial septal defect in children is associated with retention of considerable variability of the heart rate, although it is less than for normal children. Closure of the atrial septal defect is associated with an increase to normal variability. The possibility of abnormalities of autonomic control merits further study.
